INTRODUCTION
The NASA Exploration Initiative requires substantially more electrical power than the current state of the art for space power generation. Project Prometheus is focused on the use of a nuclear fission reactor to generate heat which in turn would be used by a thermodynamic power conversion system. The current design plan is to use Closed Cycle Brayton (CCB) turbo-alternators for this conversion system. These CCB turbines will use a HeXe gas as their working fluid. Being a closed cycle dictates that the same fluid used as the working fluid also serve as the bearing lubricant. Foil gas bearings have been selected as the rotor support technology coupled with suitable solid film lubricants. Several system design options exist for transferring heat from the proposed nuclear reactor to its power conversion system. One option is to use a liquid metal to cool the reactor which, through a heat exchanger, then heats HeXe gas which powers the CCB turbine. This option results in fairly low gas pressures (5-10 atm) but requires the use of a pumped liquid metal system which adds weight, complexity and risk. An attractive option uses the HeXe turbine gas to directly cool the reactor. This eliminates the entire liquid metal system but requires operating gas pressures at least two times higher (10-20 atm). While the higher pressure results in reduced turbomachinery sizes, for a given mass flow rate and power level, piping and heat exchanger pressure loads increase requiring thicker walled vessels and therefore increased mass. These mass variations can be easily calculated in order to do a trade-off study. However, operation of the turbine, especially at high bearing cavity pressures, is not well understood.
Most terrestrial turbines operate on the open Brayton cycle and the bearing cavities and shafting chambers are vented to the atmosphere. This reduces bearing power loss. The CCB turbine must, by design, operate with the bearing and shaft cavities at a nominal system pressure. Increasing the pressure, therefore also subjects the bearings to high pressures. Unfortunately almost no experimental foil bearing power loss data exists at elevated pressures, especially for the gases used in the proposed CCB turbine. The current work is aimed at developing useful engineering models to predict foil bearing power loss at high pressures in various gases.
EXPERIMENTAL APPROACH
An experimental program has been undertaken to quantify foil gas bearing power loss as a function of pressure in the range of ambient to 47 atmospheres of bearing cavity pressure.
Limited temperature dependencies can also be investigated. The approach utilized herein is to build a new rig small enough to fit inside a pressure vessel. Therefore only electrical drive power and instrumentation leads are required to penetrate the vessel. The test bearing is subjected to a constant dead weight load, applied by a metal "donut".
Generation II (1) foil journal bearings having a diameter of 35 mm and aspect ration of 1 can be tested up to 23,000 rpm. A photograph of the test rig with the instrumentation removed is shown in figure 1 . September 12-16, 2005, Washington, D.C., USA 
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Copyright © 2005 by ASME In addition to the data obtained in the current experimental program on the high pressure rig, there are two other appropriate data sets to consider. The first data set obtained by Dobler and Miller (2) contains bearing power loss for Teflon coated generation I foil bearings up to 6.8 atmospheres (100 psi) for Krypton, Argon, and Air. The second appropriate data set obtained by Baumann contains bearing power loss for generation III foil bearings up to 2.5 atmospheres (37 psi) for Helium, Argon, and Air.
ANALYTIC APPROACH
A first order approach for the modeling of foil bearing power loss at ultra high pressures is to assume the journal and foil form a concentric annulus once foil lift-off has been achieved. This assumption then lends itself to the classic Taylor-Couette flow (3) . Although in the hydrodynamic modeling of foil bearings it is often assumed that the flow is noninertial, Taylor-Couette flow contains three distinct regions that are differentiated by flow inertia or Taylor Number (TN). At low TN the flow is essentially non-inertial and laminar up to a critical TN of 41.3. In this region the journal torque is independent of ambient pressure. Beyond this first critical Taylor number the flow is still laminar, however the appearance of Taylor vortices are apparent. This vortical flow introduces a dependence of bearing torque on ambient pressure. Once the flow exceeds a second critical TN of approximately 400 the laminar nature of the flow breaks down and fluid turbulence is initiated. In the turbulent regime the bearing torque becomes more strongly dependent on ambient pressure than in the previous region. Taylor-Couette flow can be presented on a graph of non-dimensional torque versus TN, similar to the Moody diagram for pipe and channel flow. The difficulty in applying the Taylor-Couette model to foil bearings is two-fold. First, generation III foil bearings do not have a well defined clearance, which a critical parameter in the calculation of TN. Therefore, an approach to estimating fluid film thickness at lift-off is required. Second, the level of roughness is unknown. For the case of generation I bearing designs hydraulic roughness comes not only from the surface finish of the foils and shaft but also from the step change in fluid film thickness at the trailing edge of each cantilevered foil. For the generation III bearing design the roughness is effected by such things as foil sag and sub-continuum slip flow.
POWER LOSS MODEL
Measured bearing power loss of Dobler and Miller is plotted in Figure 1 . Also shown in this figure are the three regions of Taylor-Couette flow along with data obtained by G.I. Taylor. The behavior of the generation I foil bearing design is qualitatively similar to that of classic Taylor-Couette flow. However, it is clear that either the lift-off film thickness or the hydraulic roughness needs to be "calibrated" in order to apply this model quantitatively to the design phase of rotor support structures.
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